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acids of green leaves 
Ulrich Kull, Barbara Kuhn, Jurgen Schweizer and Helmut Weiser 
Biologisches Institut der Universitiit, D-7000 Stuttgan 60, Germany F. R. 
(Received November II , 1977) 
Isolated shoots of Cotrur btumei and isolated leaves from this species and from Im-
paliens Jut/ani were fed zeatin for different periods. High doses of the bonnone (100 
~g/rnJ ) caused a measurable effect on lipid fatty acid composition after a two-hour 
feeding period in uolated leaves of <AInu. The maximum effects were at 20-30 }Jg zeatin 
taken up per g fresh weight. With the leaves of Impatimr, higher doses of the bonnonc 
were needed to obtain optimal effecu. In both species, the proportion of linolenic acid 
increased and that of palmitic acid decreased. For higher concentratiOIlS, the reverse 
was true. The effecu of the honnone on the fatty acids of glycolipids were more apparent 
than on those of ph~pholipids. The results are discussed in view of the general im-
portance of dose-response curves for cytokinin dfecu and the possible effects on cell 
membranes. 
Key words; <Aleus blwnri - Cytokinins - Dose-re5ponse curve - Fatty acids -
Impatims Juitani. 
The effects of cytokinins on leaflipids are well known. In spinach chloroplasts, 
the degradation of fatty acids is inhibited by kinetin (6). In five out of seven species 
investigated, an increase in lipid concentration after kinetin application has been 
observed (9) . Treatment of leaves from intact plants with kinetin and zeatin for 
a period of four weeks mostly leads to an increase of linolenic acid, and in some 
experiments, a decrease of palmitic acid. After application of high doses of zeatin, 
however, reverse alterations occur (11). Application of kinetin to soybean callus 
Causes an increase in linolenic acid and a decrease in palmitic acid percentages (25). 
In some investigations, responses to cytokinins could be observed after a short time. 
The water permeability of cells is affected after less than 2 min (13), and the ion 
permeability of senescing leaves is affected after 5 hr (17). Effects on lipid synthesis 
Occur in tobacco buds after 6 hr (22) and in etiolated Cictf buds as early as I hr after 
application of benzylaminopurine (29). Several investigations show that cytokinins 
have diverse effects on different cell organelles (5, 27). Therefore, different effects 
of cytokinin application on glyco- and phospholipids seem possible and some preli-
minary experiments indicated this (1 1). 
Most of the research hitherto was done with kinetin. We used the naturally 
occurring cytokinin zeatin in most experiments. Its effects are not in all cases 
identical to those of kinetin (3, 31) j probably the translocation rates in tissues are 
different (3). 
Abbreviations: GLC, gas-liquid chromatogrnphy; TLC, thin-layer chromatography. 
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In this investigation, after scrutinizing earlier described long-term effects of 
zeatin on intact plants, the effect of a short-term application of cytokinin on the 
fatty acid composition of total saponifiable lipids and of glyco- and phospholipids 
of green leaf tissues was determined. First, isolated shoots of Coleus were used. To 
find out how soon effects are measurable, further experiments were done with 
isolated leaves. With high doses of zeatin, an effect was found after 2 to 4 hr. In 
order to rule out the possibility that the results obtained with Coleus are species 
specific) some similar experiments were carried out with leaves of Impatiens. 
Materials and methods 
Plants of Coleus blumei Benth. and Impatiens sultani Hook. were propagated 
vegetatively from clones as done previously (11). 
Isolated shoots of Coleus and isolated leaves of both species were placed in 
cytokinin solutions (I, 10 and 100 p.g/ml) from their stalk bases and petioles, re-
spectively. Controls were placed into water in an identical manner. In some 
experiments with Impatims, the cytokinins were vacuum-infiltrated into the leaves. 
Only adult, fully expanded leaves were used throughout. In some supplementary 
long-term experiments, zeatin was applied with a pencil as described earlier (11). 
Total lipids were extracted by the method of Bligh and Dyer (1). Saponifi-
cation and preparation for GLC were performed as described elsewhere (10). 
GLC data: Varian Aerograph 2740; column: 20'x 1/8" stainless steel, 10% 
EGSS-X on 60-80 Chromosorb W/AW-DMCS; column temperature: 180°C; 
detector: FID, 280"C; injector temperature: 210DC; carrier gas: N 2, 30 ml/min. 
All analyses were repeated at least twice and the average value was taken. The 
separation of glycolipids, phospholipids and neutral lipids by TLC (acetone-
benzene-water, 9 1 : 30 : 8, v/v) and the following transmethylation with sodium 
methylate were done according to the procedure of Pohl el al. (20). 
The standard deviations, SD, are shown in the figures. With regard to the 
major components of total fatty acids (palmitic, linoleic and linolenic acids), in 
most cases the differences between controls and treated leaves in the range of 1.0 
to 1.8% are significant to p=O.05. In the fraction of neutral lipids, no significant 
differences (p<O.I) were observed, and their behavior is not discussed further. In 
the different controls of the separate groups of experiments, differences appear in 
the percentages of the fatty acids. This may be traced back to seasonal and, 
according to Chapman et al. (4), to daily variations. Therefore, only from one 
group of experiments are the percentages of all fatty acids for the different controls 
and experiments shown as an example in Table 1. 
The ratio of the principal multiunsaturated acids (linolenic and linoleic acids) 
to palmitic acid as the principal saturated fatty acid is called the molar quotient. 
If this ratio becomes greater it indicates an increase of multiunsaturated fatty acids. 
Results 
Long-tnm experiments. Some long-term experiments were performed in the 
same manner as those carried out earlier (II) to ensure that the effects would be 
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Fig, l. Effect of .tealin rmjatty am romposition oj ItlWts; ltmg-tmn U:/ltrimmts. Zeatin was applied four 
times at weekly intervals to intact plants of Cbuu.J b/tmUi and [mpatinn suitani; plants were harvested one 
week after the last application. The diagrams show differences (as % of total fatty acids) between 
controls and honnonc-trcated leaves. 
as described and to investigate the fractions of phospho- and glycolipids. Fig. 1 
shows that in Coleus, when 10 and 100 p.g/ml zeatin were used, the content of linolenic 
acid decreased and that of palmitic acid increased. Therefore, the molar quotient 
is decreased by zeatin in CoLeus. In Impatiens, using 100 fIog/ml zeatin, the reverse 
occur.; (Fig. 1). 
Total lipids from the Coleus experiments were fractionated. When 100 p.g/ml 
of the cytokinin was used, in phospholipids the proportion of linolenic and linoleic 
acids decreased by 8.5 and 4%, respectively. The relative content of linolenic 
and linoleic acids in glycolipids increased by 6,5 and 7.1 %, respectively. Using 
10 p.g/ml of hormone, similar results were obtained. 
Experiments with wlwle soools. The experiments were carried out with Coleus 
shoots bearing six to eight expanded leaves. First, different concentrations of 
zeatin were fed for 24 hr. The effect ofzeatin decreased remarkably with increasing 
hormone concentrations (Fig. 2a). In the next set of experiments, the zeatin con· 
centration was kept constant at llLg/ml and the feeding time was increased from 
24 hr to 48 hr and 96 hr (Fig. 2b). The results show that after 96 hr, a situation 
inverse to that after 24 hr occurs. A rather small effect occurs after 48 hr; there 
is only one significant difference in the pahnitic acid content between control and 
hormone-treated leaves, Further shortening of the application period with Coleus 
shoots led to that a clear effect on leaffatty acids after 4- hr (using 100 ILg/ml zeatin; 
Fig. 2c). Fractionation of total lipids of this experiment showed that in the phos-
pholipids, only the percentage of linolenic acid was altered significantly (decrease 
by 5.1 %; p=O.I), whereas in glycolipids, the percentage oflinolenic and linoleic 
acids increased by 10.4 and 6.9%, respectively. Palmitic acid decreased by 9%, 
Comparison of the treatments of whole shoots with llLg/ml for 24 hr and with 
(]) 
, 
, 
, 
, 
, 
, 
, 
, 
J 
, 
, 
, 
, 
, 
U. Kull, 8. KUhn,]. Schwl::izl::r and H. Wl::iser 
@ © 
" " " " " " 
, 
" 
" " 
100 ~9/m1 
Fig. 2. Effect oj ztatin on/all] acid wmposiljqn oj Uaws after shoots af Coll::w wm plaad in harmarte solutions 
from their stalk bases. (a) Different hormone concentrations fed for 24 hr. (b) A honnone solution of 
I JLg{ml fed for different periods. (e) A hormonl:: solution of !OO ,<g/ml fed for 4- hr. Whl::n a signifi-
cant diffe rencr: of a distinct fatty acid was measured in some eXpl::riments from a group and the altl::ra-
tions wert: not significant in others, the raults of both are shown [as in (a) 10 pg/ml and (b) 48 hrl. 
Symbols as in Fig. I. 
100 p.g/ml for 4 hr with the treatment with 1 p.g/ml for 96 hr indicates that high 
amounts of zeatin have an opposite effect on leaffatty acids to that of low amounts 
from morc dilute solutions or very short application periods. 
Experiments with isolated leaves. In further experiments, isolated Colew leaves 
of identical size were fed through the petioles with zeatin. The quantity of the 
hormone taken up per g fresh weight could be approximately calculated from the 
amount of solution taken up by the leaves. Using low concentrations of zeatin, we 
performed experiments with a feeding period of 24 hr (Fig. 3). The amount of 
linolenic acid increased. Higher zeatin concentrations also led to an increase of 
linoleic acid. The percentage of palmitic acid decreased; therefore the molar 
quotient rose. The tendency observed for whole shoots treated with 2.5 p.g/ml 
zcatin for 24 hr (Fig. 2a) was more pronounced in the experiments with isolated 
leaves treated with roughly the same concentration of 3 p.g/ml for the same period 
(Fig. 3) . With high hormone concentrations (using solutions of 100 I'-g/ml), the 
feeding time could be reduced to four and in some experiments to two hours, and 
still a distinct effect was observable (Fig. 4). The inversion of the percentage 
differences of linolenic and palmitic acids appearing at higher cytokinin concen-
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Fig. 3. Effect of 2f...h,. zeatin appl~ati(Jn on fatty add 
tomposition oflsoUJ~d Coleus ltollts. The amount of 
cytokinin taken up by the leaf tissue is represented 
by pg/g fresh weight. Symbols as in Fig. I. 
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tTations may be seen from Fig. 4. As an example, the complete results of this 
group of experiments are shown in Table I. (In another set of similar experiments 
performed six months later, the changes of palmitic and linolenic acids were es-
sentially the same, but quantitatively only about two-thirds of those shown in 
Table I) . In all the experiments lasting 2 to 4 hr, the most distinct rise of the 
multiunsaturated acids occurred when concentrations of 20-30 fA-g zeatin were 
taken up per g leaf fresh weight; higher concentrations always decreased the pro-
portion of linolenic and often also of linoleic acids. From some of the experiments. 
the fatty acid composition of phospho- and glycoupids was investigated (Table 2). 
Especially at the higher zeatin concentrations. that is, when 15 fA-g hormone or more 
was taken up per g fresh weight, the glycolipids seemed to be affected morc than 
the phospholipids . However, this is perhaps not true for very high hormone 
amounts (40 p.g zeatin/g). 
Experiments un'tIz predarkLrud plan1r. Plants of Coleus were predarkened for 
24 hr, then the leaves were isolated and placed into a zeatin solution (100 p.g/ml) 
for 2 hr in the dark and in light. respectively. We t~ted whether zeatin could be 
a substitute for the influence of light in short-term effects on lipids. The results 
showed a greater conformity between the different zeatin-fed leaves than between 
leaves fed zeatin in the dark and light controls. The effects of total fatty acids, were 
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Fig. 4. EJlu:t of 2- 0Jld 1-M uatin appliclllWns (so/wion if JOO Jlg/m1) on fot!'! acid «Jm/Jorililln of wiJJkd 
Coleus leolNlS. The amount of cytokinin taken up by the leaftUsue is represented by I-'g/g fresh weight. 
Symbols as in Fig. I. 
Table I Fatty acids of sapomfiabk lipidJ from isowttd U01JtS of Coleus (as % oj wlal fatly aridJ) treated with 
Ulllm ( JOO pg/ml)/or 2 and Hr, respu:tively 
Zeatin application 
2 h, 21u- • h, • h' Fa~~ 
'" 
Honnone taken up: as },g/g fresh weight 
19 36 40 55 
w. '~. diff. '0. =. diff. '0. zca. dill '0. ,~. cliff. 
Short 2.3 1.5 ~O.8 1.2 0. ' - O.B 1.2 0.7 -0. 5 1.9 0.8 -1.1 chain 
14:1 0.7 0.' - 0.3 I. I 1.2 + 0.1 0.7 I. I +0.4 0.5 1.3 + 0.8 
16:0 22. 7 18.7 - 4.0a 22. I 27.3 +5.2a 21. 9 27.3 + 5.4 a 21. 5 28.6 +7.1 a 
16:1 2.3 2.3 0 2.3 3.5 + I. 2 1.8 ,. 7 + 0.9 1.6 , .. +0.8 
16:3 0.' 0. 3 -0. 1 1.0 I. I +0.1 0.6 0.8 +0.2 0.5 0.8 + 0.3 
18:0 4. 1 2. 7 -I. 4 '.1 4. 9 +0.8 3.8 '.6 + 0.8 3.9 4.6 +0.7 
18:1 '.0 I.' -0.8 2.2 3. 2 +1.0 , .. 2.9 +0.5 2.6 '.6 0 
18:2 22.9 25.' +2.5 a 23. , 21. 2 -2.0 21.9 19. 5 -2.4 a 21. 5 20.5 -1,0 
18:3 42. 6 47. 5 +4. 9a .H 37. 2 - 5.6a 45.1 40.' -5. 3 a 46.0 38.4 - 1.6a 
m.q. '.7 3. 6 ' . 7 '.0 2.8 '.0 2.9 1.9 
co. _ control (water-treated) . 
zea. ""' zeatin-treated. 
diff.=difference between controls and z:eatin-treatcd leaves. 
m.q._molar quotient 18: 2+18: 3/16: 0. 
a=lcvcl of significance p=O.05 or better. 
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Table 2 Effuts of Jhort-krm ;:utin cr.pplualimas onfatty add tDmposiJum of pluJJPJw.- and glycolipids in isokl~d 
Coleus U(Joes 
Zeatin application 
1 pg/mJ 3 pg/mJ 100 pg/mJ lOOpg/ml 
Fatty acid 24br 24hr 
'''' .'" Hormonc taken up: as pg/g fresh weight 
6.3 15 19 40 
Phospbolipids : 
16:0 n.s. n.s. n.!. n.s. 
18:2 +5.6b n.s. - 5.8b n.s. 
18:3 n.s. +4.0c n.s. -6.0b 
Glycolipids: 
16:0 -8.9b - 11.8a -9.9a +5.2c 
18:2 n.s. +1l.Ob +6.2b n.s. 
18:3 + 16.0a. + 16.5a +12.4a -6.1 b 
Differences against controls are shown (as % of total fatty acids). 
Level of significance: a, p=0.05; b, p=O.I; c, p=0.2: n.s., not significant (in most cases p>O.2). 
essentially the same as those shown in Fig. 4. The differences of fatty acid com-
position of phospho- and glycolipids are shown in Table 3. In the dark, the effects 
on the phospholipids appeared to be more pronounced, whereas in light they 
appeared to be more prominent in the fatty acids of the glycolipids. However, 
we can not fully exclude the possibility that the different effects are caused by the 
different cytokinin quantities taken up by the leaves . 
Expmmtnts with Impatiens. In contrast to the effects on leaves of intact 
Impatiens plants, which showed a prominent response to zeatin treatment (Fig. I), 
isolated leaves of this species reacted less distinctly than Coleus leaves in the short-
term experiments. Therefore, higher honnone concentrations and a longer appli-
cation period were needed for an effect of the same magnitude as that with Coieus. 
Table 3 E.Jf«:ls of <,latin appluation of 2 h, in light and in tkJrlmus onfatt}' acid compolition of phoJplw. (JfU/ 
glycoliPids in leaws from Jmdarke1lld Coleus pltJnts 
Dark Li~hT 
Fatty add Hormone taken up: as pg/g fresh weight 
11 24.5 
Phospholipids : 
16:0 -7.3b -6. 1 b 
18:2 +6.0b -4.0c 
18:3 +12.5a +7.Sb 
Glycolipicb: 
16:0 -8.0b -7.5b 
18:2 D.S. +5.0c 
18:3 +8.5a + 12.8a 
Differences against controls arc . hown (as % of total fatty acids). 
Symbols for levels of significance as in Table 2. 
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Fig. 5. Ejfuts of sh",t-tem! qltJki1lill appfiutUJtu (tnfau), ru:id comfKJsitum of uola(td Impaticl'\5 irallts. Ap-
plication of cytokinin solutions by vacuum infiltration and ,by reeding through petioles, respectively. 
Symbols as in Fig. I. 
In experiments where isolated leaves were fed J ftg/mi zeatin for 24 hr, no significant 
effects were found. When 10 ",gJml zeatin was used, faint but unequivocal effects 
could be measured (linolenic acid+2.0%; palmitic acid-1.9%) . After rroucing 
the reaction time of the honnone. at least 4 hr was necessary to get significant 
effects. They could be obtained either by vacuum infiltration o f the leaf disks 
(then 10 ",g/ml of zeatin or kinetin was sufficient) or by feeding through the petioles 
in which application of tOO p.g/ml zeatin was necessary (Fig. 5). 
Discussion 
The effects of cytokinins on lipid fatty acid proportions of green leaves follow 
a dose-response curve with an optimum, which can be recognized from a maximal 
increase of linolenic acid and in most cases a decrease of palmitic acid. In earlier 
experiments, optimum curves were found for the influence of zeatin on respiration 
rates of leaves (H) and isolated mesophyU protoplasts (12), on the rate of photo-
synthesis of protoplasts (12), on the penneability of membranes (18), in some 
experimen ts on steroid levels in tissue cultures (2), and in the fonn of a more 
complex biphasic dose-response, on K -transport (24). In the experiments on leaf 
respiration, quantitative differences between different species were also found. 
The effects on fatty acids are distinct with linolenic and palmitic acids, and more 
variable with linoleic acid. If the same total amounts of honnone are taken up, 
the application of lower concentrations of cYlokinins for a longer period. (24 hr, 
Fig. 3) seems to have a more pronounced effect on the increase of multiunsaturated 
acids than higher concentrations applied within a few hou~ (Fig. 4). This agrees 
with the da ta o f Manos and Goldthwaite (15), in which a daily replacement of 
zeatin solution caused a definite increase in effective concentrations for retarding 
senescence. The sensitivity of Coleus and Impatiens is not the same; with Impllti.enJ 
leaves. higher doses of the honnone are needed to obtain optimal effects. The 
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variable sensitivity of Coleus plants with the same zeatin concentrations in different 
sets of experiments at different times is perhaps caused by a different endogenous 
cytokinin level of the leaf tissues. Current investigations favor such an explanation. 
The influence of cytokinins on the lipid fatty acid composition of green leaves 
is recognizable after a few hours. This effect may be important in regard to 
cellular membrane systems. An influence of cytokinins on membrane penneability 
has been described (7, 13, 17, 18) and control of permeation processes by their action 
on membrane metabolism has been reported (18, 19). 
The effect of optimal or near optimal concentrations of cytokinins on fatty acids 
may be stabilizing, which means an inhibition of degradation especially of multi· 
unsaturated fatty acids (6), although a promotion of synthesis cannot be excluded. 
Our current labelling experiments (23) indicate a stimulation of fatty acid synthesis, 
except of linolenic acid. In experiments with benzylaminopurine, the lipid synthesis 
in buds of tobacco (21, 22) and CicQ" (29) was stimulated. Very high o:>ncentrations 
of the cytokinin apparently promote degradation of multiunsaturated fatty acids. 
The distinct dfects on the glycolipid fraction are probably connected with the 
well-known influence of cytokinins on plastids. The described effects of cytokinins 
on the stabilization of thylakoid stacking (16) may be connected with their influence 
on glycolipid metabolism. The optimal effects for glycolipids appear to occur at 
higher concentrations of cytokinin than those for the phospholipids. With this 
infonnation, it seems interesting that in senescing leaves (26) and in cotyledons 
(8), the degradation of glycolipids and some of the phospholipids starts earlier than 
for some major phospholipids, and a continuous reduction of the cytokinin level in 
senescing leaves is well known. An alternative explanation for the different sensi-
tivity of phospho- and glycolipids may be an intensified transfer of lipid components 
to the chloroplasts. Such an increase of chloroplast lipids at the expense of extra-
chloroplastic components has been demonstrated (28. 30). 
We are indebted to Mrs. A. Barker and to Dr. O. G. Issinger for correction of the English. This 
work was supportcd by the Deutllche Forschun~gemdnschaft. 
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